Phytochemical studies of Eugenia umbelliflora Berg. (Myrtaceae) resulted in the isolation of: taraxerol, α-amyrin, β-amyrin, betulin and betulinic acid from the leaves, as well as trimethoxy ellagic acid from the fruits. Given that several triterpenes were found in the extracts, and that these possess gastroprotective activity, the gastroprotective activity of E. umbelliflora leaf extract was evaluated using ethanol, indomethacin, and stress-induced ulcer models in mice. The crude methanol extract was administrated (v.o) in doses of 50, 125 and 250 mg/kg. The results showed that E. umbelliflora leaves display gastro-protective activity, as demonstrated by significant inhibition of ulcer formation in the different models. The results suggest that the gastroprotective activity may be attributed, at least in part, to the triterpenes.
Brazil is considered to be the country with greatest potential for research into vegetable species because it has a rich biodiversity distributed in six different types of biomass. The genus Eugenia, widely found in Brazil, has attracted the interest of scientists due to its promising chemical and biological results [1] .
Eugenia is one of the largest genera of the family Myrtaceae with ca. 500 species, most of them growing in South America [2] . Experimental studies have revealed that several plants of this genus exhibit pharmacological activity, with, for example, anticancer, antidiarrhetic, antimutagenic, antibacterial, antifungal, anti-herpes, gastroprotective, antihyperglycemic, testicular dysfunction and antioxidant properties [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Studies carried out with Eugenia species have demonstrated the presence of flavonoids [11, 13] , triterpenes [14] , tannins [9] , chalcones [15] and, in particular, essential oil [16, 17] .
Eugenia umbelliflora Berg. (Myrtaceae) [1] , a shrub or small tree measuring 3-10 m in height, is popularly known in Brazil as "baguaçú", "guapé" or "guamirim". The aerial parts are widely used in folk medicine to treat various ailments, such as infections, inflammation and diabetes [2] . However, for this species, there is only information about its antimicrobial and antioxidant effects [6] , and the isolation of anthocyanins from the fruits [18] .
Peptic ulcer is the most predominant of the gastrointestinal diseases [19] . The etiology of peptic ulcers is influenced by various aggressive and defensive factors such as acid-pepsin secretion, the parietal cells, the mucosal barrier, mucus secretion, blood flow, cell regeneration and endogenous protective agents (prostaglandins and epidermal growth factors) [20] .
The current medicinal treatment of peptic ulcer is generally based on the inhibition of gastric acid secretion by histamine H2-antagonists, proton pump inhibitors, and antimuscarinics, as well as acid-independent therapy using sucralfate and bismuth cholinergics [20] . However, the majority of these drugs produce adverse reactions, such as: hypersensitivity, arrhythmia, impotence, gynecomastia and hematopoietic changes [20] . Thus, it is necessary to develop more effective and less toxic antiulcer agents.
As part of a program to obtain natural substances with antiulcer properties, we selected E. umbelliflora, in order to evaluate its chemical composition and gastroprotective effects in mice.
E. umbelliflora leaves and fruits were subjected to a series of chromatographic procedures, which led to the isolation and identification of taraxerol (20 mg) (1), a mixture of α-amyrin (2) and β-amyrin (3) (21 mg), a mixture of taraxerol and α,β-amyrin (50 mg), and a mixture of betulin (4) and betulinic acid (5) (12 mg) [21] [22] [23] [24] . From the fruits, trimethoxy ellagic acid (6) was obtained [25] . This is the first time that these compounds have been reported for E. umbelliflora.
A review of anti-ulcer drugs of plant origin shows that triterpenes have potential anti-ulcerogenic activity because of their ability to strengthen defensive factors through either the stimulation of mucus synthesis or by maintaining the prostaglandin contents of gastric mucosa at high levels [26] . Moreover, several triterpenes, such as populnoic acid, 3,15-dioxo-21α-hydroxy friedelane, and α and βamyrin possess anti-ulcer activity [27, 28] .
Since several triterpenes were found in E. umbelliflora leaf extracts, studies were carried out to evaluate their antiulcer activity. For this purpose, the antiulcer activity was evaluated using ethanol, indomethacin and stress-induced ulcer models, which are the ones most commonly used for the evaluation of antiulcer activity in animals.
In the biological assays presented in Table I , it was observed that in the ethanol-induced ulcer model, treatment with E. umbelliflora methanol leaf extract (50, 125 and 250 mg/kg) and omeprazol (30 mg/kg) significantly reduced the lesion index, the total lesion area, and the percentage of lesions, compared with the control group (p< 0.05). The percentage of ulcer inhibition was 64.8%, 67.2%, 82.8% and 92.7% in the groups treated with 50, 125, and 250 mg/kg of E. umbelliflora and the positive control (omeprazole), respectively. On the other hand, in the indomethacin/bethanecol-induced ulcer protocol, only treatment with 250 mg/kg of extract and 100 mg/kg of cimetidine significantly reduced all the evaluated parameters, compared with the control group (p< 0.05). The percentage of ulcer inhibition was 76.9% and 76.3% in the groups treated with 250 mg/kg of E. umbelliflora and the positive control (cimetidine), respectively.
In the stress-induced ulcer model, a significant reduction was observed in the lesion index, total lesion area, and percentage of lesions in animals treated with E. umbelliflora extract (50, 125 and 250 mg/kg) and cimetidine (100 mg/kg), compared with the control group (p< 0.05). The percentages of ulcer inhibition were 61.7%, 91.3%, 94.6% and 95.3% in the groups treated with 50, 125, and 250 mg/kg of E. umbelliflora and the positive control (cimetidine), respectively. The effects of E. umbelliflora methanol leaf extract on gastric lesions induced by ethanol, indomethacin/bethanecol, and stress are shown in Table I . The results obtained showed interesting activity of the extract considering that the highest dose caused gastroprotection comparable to that of cimetidine (reference drug) in indomethacin and stress-induced ulcers models.
The results indicate that E. umbelliflora leaf extract produced dose-dependent gastro-protection in all models of ulcer-induction tested, with significant reduction of the lesions induced by ethanol, indomethacin/bethanecol, and stress.
The ability of the gastric mucosa to resist injury provoked by endogenous secretions (acid, pepsin, and bile) and ingested irritants (e.g. ethanol) can be attributed to a number of factors that have been generally referred as mucosal defense [29] . The formation of gastric mucosal lesions by necrotizing agents, such as ethanol, has been reported to involve the depression of these gastric defensive mechanisms [30] . Oral treatment with ethanol causes focal hyperemia, edema, necrosis, and submucosal hemorrhage, as well as circulatory disturbances [31] . The formation of gastric mucosal lesions following ethanol administration involves several mechanisms which reduce the flow of gastric blood, thereby contributing to the development of hemorrhage and necrosis. In addition, ethanol also induces solubilization of the mucus constituents, decreases the difference of potential in mucosa, thereby increasing the flow of Na + and K + to the lumen and pepsin secretion, and increases H+ ions and histamine [32] . The control group treated orally with ethanol clearly produced the expected characteristic zone of necrotizing mucosal lesions. On the other hand, treatments with E. umbelliflora extract significantly decreased the lesion index, total lesion area, and percentage of lesion. These results indicate that E. umbelliflora extract has an antiulcerogenic effect, since its administration significantly reduced the ethanol-induced ulcer. Nonsteroidal anti-inflammatory drugs (NSAIDs), such as indomethacin, have the ability to cause gastroduodenal ulceration, due to the capacity of these agents to suppress prostaglandin synthesis [29] . In the stomach, prostaglandins play a vital protective role, stimulating the secretion of bicarbonate and mucus, maintaining mucosal blood flow, and regulating mucosal cell turnover and repair [33] . Therefore, prostaglandins (PGs), especially PGE2 and their analogues, inhibit the formation of gastric mucosal necrosis induced by necrotizing agents. This protective action of PGs against direct injuries caused by gastric necrotizing agents is apparently unrelated to their antisecretory properties, and has generally been called cytoprotection [34] .
On the other hand, gastric stress-induced ulcer is probably mediated by the release of histamine. It not only increases gastric secretion, often called the aggressive factor, but also causes disturbances of the gastric mucosal microcirculation and abnormal motility, and reduces mucus production, known as the defensive factor. Moreover, stress-induced ulcer in animal models may be partially or entirely prevented by vagotomy, since increased vagal activity has been suggested as the main factor in stress-induced ulceration [35] . The vagus nerve stimulates stomach acid secretion via interaction of its chemical mediator (acetylcholine) with the muscarinic receptor. The activation of the muscarinic receptor gives rise to sequential events that result in increased gastric acid secretion [35] . According to some authors, these receptors are located in the parietal cells and histamine secretory cells. Therefore, the increase in acid secretion is a consequence of acetylcholine activity on the histamine cell and parietal cell activity [35] . It is important to consider that vagal activity is up regulated in situations of stress. Some antiulcer drugs, such as cimetidine, ranitidine and famotidine, are used in ulcer treatment by blocking H 2 histaminic receptors. In the present study, E. umbelliflora extract inhibited the production of stress-induced ulcers. This finding indicates that E. umbelliflora extract may either enhance gastric mucosal defensive factor or act as H 2 -receptor antagonist.
In conclusion, the results of this study show that E. umbelliflora leaf extract displays gastro-protective activity, as demonstrated by its significant inhibition of the formation of ulcers induced by different agents.
Phytochemical studies showed a predominance of triterpenes in the extract, suggesting that its antiulcer activity may be attributed, at least in part, to the presence of these substances. However, the mechanisms of gastroprotection, as well as active(s) compound(s), are still unclear. Therefore, further experiments are underway to determine which active compounds and antiulcer mechanisms are involved in gastroprotection mediated by E. umbelliflora leaf extract. was then evaporated under vacuum to obtain a 16.4% yield of MeOH extract. This was re-suspended in 30% H 2 O in ethanol (100 mL) and partitioned with nhexane (300 mL x 3), dichloromethane (300 mL x 3), and ethyl acetate (300 mL x 3), respectively. All the fractions were concentrated using a rotary vacuum evaporator to obtain dry fractions. These were individually fractionated using chromatographic procedures such as column chromatography and preparative TLC, centrifugally accelerated.
Purification procedures (chromatographic column-CC) were conducted using silica gel 60 (70-230 mesh) and elution with increasing concentrations of ethyl acetate in n-hexane to give 9 fractions (I-IX). Fraction I (2.9 g) was submitted to silica gel CC eluting with a mixture of n-hexane and ethyl acetate in a step-gradient mode, to yield taraxerol (1) as a white amorphous powder (20 mg), mp 283-285 o C, identified by comparison of the 1 H and 13 C NMR spectra with literature data [21] [22] [23] , and a mixture of α-amyrin (2) and β-amyrin (3) (21 mg), identified by GC, and 1 H and 13 C NMR spectroscopy [24] . Similarly, fraction II was subjected to silica gel CC eluting with a mixture of n-hexane and ethyl acetate to yield a mixture of taraxerol and α,β-amyrin (50 mg). Fraction III was purified using silica gel CC eluting with a mixture of n-hexane and ethyl acetate, to yield a white powder identified by 1 H and 13 C NMR spectroscopy as a mixture of betulin (4) and betulinic acid (5) (12 mg) [22, 23] .
Fruits of E. umbelliflora:
The fruits of E. umbelliflora were dried in circulating air at 37 o C for 2 days, and powdered using a knife grinder. The dried fruits (570g) were extracted twice by maceration with n-hexane for 5 days. The solvent was removed under vacuum to yield a dry residue of 2.62% n-hexane extract. The fruits were then reextracted using dichloromethane and methanol, respectively, following the methods described above.
The separate extracts, on concentration, yielded 1.16% and 4.47%, respectively of dichloromethane and methanol extracts. The individual fractions were submitted to purification using chromatographic procedures such as CC and preparative TLC, centrifugally accelerated. The phytochemical analysis of the fruits was conducted first with the dichloromethane extract, using silica gel CC eluting with mixtures of n-hexane and ethyl acetate to give 6 fractions (I-VI). Fraction I was subjected to silica gel CC eluting with n-hexane: ethyl acetate mixtures of increasing polarity, followed by preparative TLC, centrifugally accelerated, eluting with the same mixture of solvents, to yield trimethoxy ellagic acid (6) , which was identified by comparison of the 1 H and 13 C spectra and with literature data [25] .
Drugs, reagents and solvents: Indomethacin, cimetidine and omeprazol were purchased from Sigma Aldrich (St. Louis, MD, USA). All the other reagents and solvents used were of analytical grade.
Animals:
Male Balb-C mice, weighing 20-22 g, were provided by the Central Animal House of the "Universidade do Vale do Itajaí" (UNIVALI). The animals were housed in groups of 5, in standard cages, at room temperature (25 ± 3 o C), with 12 h dark/12 h light cycles and food and water ad libitum. Twelve hours prior to the start of the experiments, they were transferred to the laboratory and given only water ad libitum. The animals used in the present study were housed and cared for in accordance with the Federal Government legislation on animal care.
Ethanol-induced ulcer:
The experiment was performed according to the method of Morimoto et al. [36] . After 12 h of fasting, the mice were randomly divided into 5 groups of 6 animals each. The first group was given 1 mL of vehicle (1% Tween-80 aqueous solution), and the second group was treated with omeprazol (30 mg/kg). The remaining 3 groups received 50, 125 and 250 mg/kg of crude methanol extract of E. umbelliflora leaves, dissolved in 0.5 mL of vehicle, respectively. All treatments were administered orally. One hour after treatment, all the mice received 1 mL of 99.5% ethanol to induce gastric ulcer. One hour later, animals were sacrificed by cervical dislocation, and the stomachs removed and opened along the greater curvature. The stomachs were gently rinsed with water to remove gastric contents and blood clots, for subsequent scanning. The images obtained were analyzed based in the methodology described by Andrade et al. [27] , using specific "EARP" software to measure each lesion point. The ulcers were classified as level I, ulcer area < 1 mm 2 ; level II, ulcer area 1-3 mm 2 ; and level III, ulcer area > 3 mm 2 .
The following parameters were determined: i) Ulcerative Lesion Index (ULI) as 1x (number of ulcers level I) + 2x (number of ulcers level II) + 3x (number of ulcers level III); ii) cure ratio, which was determined as follows: % C= 100 -(IU treated x 100/ IU control ); iii) total area of lesion; iv) percentage of lesion area in relation to total stomach area.
Nonsteroidal anti-inflammatory drug (NSAID)induced ulcers in cholinomimetic-treated mice:
The experiment was performed according to the method of Rainsford [37] , with a few modifications. After 12 h fasting, the mice were randomly divided into 5 groups of 6 animals each. The first group was given 1 mL of vehicle (1% Tween-80 aqueous solution), and the second group was treated with cimetidine (100 mg/kg). The remaining 3 groups received 50, 125 and 250 mg/kg of crude methanol extract of E. umbelliflora leaves, respectively. All treatments were administered orally. One hour after treatment, all the mice received a combination of indomethacin (150 mg/kg, p.o.) and bethanechol (5 mg/kg, i.p.) to induce gastric ulcer. Four hours after treatment with indomethacin, animals were sacrificed by cervical dislocation. The stomachs were removed, and opened along the greater curvature. The stomachs were gently rinsed with water to remove gastric contents and blood clots, for subsequent scanning. The images obtained were analyzed using the parameters previously described.
Hypothermic restraint stress-induced lesions:
The method described by Levine [38] was used in this assay. Groups of 6 animals were treated as previously described. At 2.5 and 30 min. later, each animal was immobilized in a restraint cage at 4ºC for 4 h. After this period, the rats were sacrificed by cervical dislocation. The stomachs were removed and opened along the greater curvature, followed by gentle washing with water to remove gastric contents and blood clots, for subsequent scanning. The images obtained were analyzed using the parameters described above.
Statistical analysis:
The data are reported as mean ± standard error of the mean (SEM) and were compared using one-way analysis of variance (ANOVA), followed by Dunnet's pairwise test, and p values < 0.05 were considered significant.
